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Mesenteric injury following trauma is relatively rare. However, it is clinically import-
ant because it can be associated with intraperitoneal, gastrointestinal, or retroper-
itoneal bleeding, intestinal ischemia, stenosis, and/or perforation (1).

Surgical treatment has been the standard treatment of choice for mesenteric injuries, 
especially active mesenteric bleeding, mesenteric disruption, and associated bowel isch-
emia (2–4). The effectiveness of transcatheter arterial embolization (TAE) for traumatic liver, 
splenic, and renal injuries has been well established (5); however, TAE for traumatic mesen-
teric injury has received less attention than surgical managements.

There have been few case reports of TAE for mesenteric bleeding following trauma (1, 2, 
6–8). The purpose of our study was to retrospectively evaluate the safety and effectiveness 
of TAE for traumatic mesenteric bleeding.

Methods
Patients

This retrospective study was approved by our institutional review board. From January 2001 
to June 2015, 12 patients were referred to our interventional unit for TAE of traumatic mesen-
teric bleeding, based on clinical decisions and computed tomography (CT) images. Among 
these 12 patients, 10 patients who underwent selective TAE to control mesenteric bleeding 
were included in this study (Fig. 1). The patient characteristics are presented in the Table.

Traumatic mesenteric bleeding was defined as contrast extravasation, mesenteric hema-
toma and hemoperitoneum seen on CT scans after trauma (9, 10). Vital signs, including sys-
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PURPOSE 
We aimed to assess the safety and effectiveness of transcatheter arterial embolization (TAE) for 
mesenteric bleeding following trauma.

METHODS
From 2001 to 2015, 12 patients were referred to our interventional unit for mesenteric bleeding 
following trauma, based on clinical decisions and computed tomography (CT) images. After ex-
cluding one patient with no bleeding focus and one patient who underwent emergency surgery, 
a total of 10 patients (male:female ratio, 9:1; mean age, 52.1 years) who underwent super selec-
tive TAE of visceral arteries were included in this study. Technical and clinical success, complica-
tions, and 30-day mortality rate were analyzed.

RESULTS
In 10 patients who underwent TAE, the types of trauma were motor vehicle collision (n=6), fall 
(n=2), assault (n=1), and penetrating injury (n=1), and the bleeding arteries were in the pancre-
aticoduodenal arterial arcade (n=4), jejunal artery (n=3), colic artery (n=2), and sigmoid artery 
(n=1). N-butyl-2-cyanoacrylate (NBCA) (n=2), microcoils (n=2), and combinations of NBCA, mi-
crocoils, or gelatin sponge particles (n=6) were used as embolic agents. Technical success was 
achieved in all 10 patients, with immediate cessation of bleeding. Clinical success rate was 90% 
(9/10), and all patients were discharged with no further treatment required for mesenteric bleed-
ing. However, one patient showed rebleeding 10 days later and underwent repeated TAE with 
successful result. There were no TAE-related ischemic complications such as bowel infarction. The 
30-day mortality rate was 0%.

CONCLUSION
Our clinical experience suggests that TAE used to control mesenteric bleeding following trauma 
is safe and effective as a minimally invasive alternative to surgery.
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tolic and diastolic blood pressure and heart 
rate, and coagulation study results such 
as hemoglobin, platelet count, prothrom-
bin time, activated partial thromboplastin 
time, and the international normalized ratio 
(INR), were also obtained at the patient’s ini-
tial presentation.

The interval between the trauma and an-
giography, type of trauma, clinical presen-
tations, CT findings, details of the emboli-
zation procedure, such as the angiographic 
findings and embolic materials used, proce-
dure-related complications, and outcomes 
after TAE, including technical and clinical 
success and the 30-day mortality rate, were 
analyzed.

Angiography and the embolization 
procedure

Angiography and embolization were 
performed by four interventional radiolo-
gists with 6–27 years of clinical experience 

performing endovascular treatment. After 
local anesthesia with lidocaine, the right 
common femoral artery was routinely ac-
cessed. Celiac, superior mesenteric, and/
or inferior mesenteric angiograms were 
performed to determine the focus of mes-
enteric injury using a 5F catheter (RH or C2 
catheter, Cook Medical) and a 0.035-inch, 
hydrophilic guidewire (Radifocus, Terumo 
Inc.). Super selection of bleeding arteries 
was performed using a 2.0F–2.4F microca-
theter (Progreat, Terumo Inc.; Renegade, 
Boston Scientific).

Embolization was performed under flu-
oroscopic monitoring using microcoils 
(MicroNester or Tornado; Cook Medical), 
n-butyl-2-cyanoacrylate (NBCA; Histoacryl, 
B. Braun) or gelatin sponge particles (Spon-
gostan, Johnson & Johnson) depending on 
the manifestation of bleeding signs or the 
operator’s preference. Complete angiograms 
were performed in order to confirm that 
bleeding has been successfully controlled.

Definitions and study end-points
In patients with active bleeding, techni-

cal success of TAE was defined as occlusion 
of the bleeding site without extravasation 
seen on post-TAE angiography. Clinical suc-
cess was defined as the cessation of bleed-
ing following TAE without need for repeat 
embolization or additional surgery due to 
mesenteric bleeding.

Complications were classified as major or 
minor according to the guidelines of the So-

ciety of Interventional Radiology Standards 
of Practice Committee (11). Major complica-
tions were defined as those requiring major 
therapy, an unplanned increase in the level 
of care or prolonged hospitalization, per-
manent adverse sequelae or death. Minor 
complications were defined as those re-
quiring no nominal therapy, including over-
night admission for observation only (11).

Results
The characteristics and outcomes of the 

10 patients who underwent embolization 
are summarized in the Table. The median 
interval between the trauma and angiogra-
phy was five hours (range, two hours to 6 
days). Short interval of less than 24 hours 
was noted in seven patients (range, 2–12 
hours), while long interval of more than 
24 hours in three patients (range, 55–136 
hours). The most common type of trau-
ma was a motor vehicle collision (n=6), 
followed by fall (n=2), assault (n=1), and 
penetrating injury (n=1). Hematemesis was 
noted in one patient (Patient 2). In the re-
maining nine patients, there were no signs 
of gastrointestinal bleeding, such as he-
matemesis, hematochezia, or melena. 

Five patients had further injury to other 
intra-abdominal organs: pancreas (n=4), 
liver (n=2), kidney (n=1), and mesentery 
(n=1). Eight patients sustained further inju-
ry to other systems: musculoskeletal (n=7), 
thorax (n=2), head and neck (n=1), and car-
diovascular (n=1). In one patient (Patient 6) 

Main points

• Angiography and transcatheter arterial 
embolization (TAE) may be considered in 
patients presenting with isolated mesenteric 
injuries that are not associated with 
gastrointestinal perforation.

• TAE for mesenteric bleeding following trauma 
is technically feasible and shows a high clinical 
success rate.

• TAE for the control of mesenteric bleeding 
following trauma is safe and effective as a 
minimally invasive alternative to surgery.

Table. Patient characteristics and clinical outcomes 

No./Sex/ Trauma Interval*  CE/PSA on Bleeding Angio.  Embolic Hb Technical Clinical 
Age (y) type (hrs) CT scans artery findings materials (Pre/Post) success success Remark

1/M/50 Fall 55 CE, PSA Jejunal  CE, PSA Coils 8.6/10.2 Yes Yes 

2/M/26 MVC 4 CE PD arcade CE Coils, GSP 12.7/11.2 Yes Yes 

3/M/52 MVC 8 CE PD arcade CE Coils, GSP 9.6/11.5 Yes Yes 

4/M/58 MVC 5 CE, PSA Jejunal  CE, PSA NBCA 12.1/12.7 Yes Yes 

5/M/31 MVC 136 NA  Left colic  PSA Coil 9.2/11.6 Yes No Rebleeding 
   unenhanced CT)        → 2nd embolization 

6/M/75 Fall 3 CE PD arcade CE NBCA 7.9/9.8 Yes Yes Left renal artery embolization

7/F/44 Assault 12 CE, PSA PD arcade CE, PSA NBCA, Coils 8.2/11.0 Yes Yes 

8/M/61 MVC 2 CE Jejunal  CE NBCA, GSP 9.3/10.5 Yes Yes 

9/M/58 MVC 86 PSA Mid colic  PSA NBCA, Coils 12.3/13.2 Yes Yes 

10/M/66 Penetrating  4 CE Sigmoid  CE NBCA, Coils 9.1/12.8 Yes Yes PSA of puncture site 
 injury         → thrombin

CE, contrast extravasation; PSA, pseudoaneurysm; CT, computed tomography; Angio., angiographic; Hb, hemoglobin; M, male; MVC, motor vehicle collision; PD, pancreaticoduodenal artery; GSP, 
gelatin sponge particle; NBCA, n-butyl-2-cyanoacrylate; NA, not available; F, female; .
*Interval means time interval between trauma and angiography.



with concomitant left renal traumatic inju-
ry, left renal angiogram showed two foci of 
active bleeding at the anterior segmental 
branch of the left renal artery, and both of 
which were successfully embolized with mi-
crocoils and gelatin sponge particles.

Three patients (30%, 3/10) showed blood 
pressure drop to less than 90/60 mmHg. Co-
agulopathy was not noted in any patients. 
The median INR of all patients was 1.1 
(range, 0.9–1.3), and the median number 
of the platelet count was 171000/µL (range, 
137000–259000).

All 10 patients showed mesenteric hema-
toma and hemoperitoneum on CT images. 
Contrast extravasation or pseudoaneurysm 
was noted in nine patients. In one patient 
(Patient 5), contrast extravasation or pseudo-
aneurysm could not be evaluated, because 
the patient was evaluated by unenhanced 
CT scans due to high level of creatinine.

In 12 patients referred for angiography, 
there were positive signs of bleeding in 
11 patients, and there was no bleeding fo-
cus in one patient. One of the 11 patients 
underwent surgery immediately follow-
ing angiography without TAE by surgeon’s 
decision because of large amount of he-
moperitoneum. Therefore, a total of 10 
patients (male:female ratio, 9:1; mean age, 
52.1 years) underwent super selective TAE 
of visceral arteries in order to control mes-
enteric bleeding (Fig. 1). For the one patient 
with no bleeding focus, prophylactic embo-
lization was not performed, and he became 
stabilized with conservative treatment. 

On angiography, bleeding artery was 
most commonly found in the pancreati-

coduodenal arterial arcade (n=4, Fig. 2), 
followed by the jejunal artery (n=3, Fig. 3), 
colic artery (n=2), and sigmoid artery (n=1). 
Contrast extravasation was noted in eight 
patients, pseudoaneurysm in five patients, 
and both in three patients.

Single embolic agents were used in four 
patients: NBCA (n=2) and microcoils (n=2). 
Combined embolic agents were used in six 
patients: microcoils with NBCA (n=3), mi-
crocoils with gelatin sponge particles (n=2), 
and NBCA with gelatin sponge particles 
(n=1). 

Technical success was achieved in all 
10 patients, with immediate cessation of 
bleeding. Among the patients who under-
went technically successful embolization, 
clinical success was achieved in nine pa-
tients, all of whom were discharged with 
no further treatment for the mesenteric 
bleeding, resulting in a clinical success rate 
of 90%. 

One patient (Patient 5) with clinical fail-
ure showed a drop of blood pressure and 
an increased amount of hemoperitoneum 
on a CT scan performed 10 days following 
TAE of the left colic artery with a microcoil. 
The patient then underwent repeat angiog-
raphy. On the second angiography, a pseu-
doaneurysm with extravasation at another 
branch of the left colic artery was observed 
and TAE was performed using microcoils. 
Successful bleeding control was achieved 
after the second embolization. The patient 
was discharged with no further treatment 
for the mesenteric bleeding.

There was no TAE-related ischemic com-
plication such as bowel ischemia or infarc-

tion. One patient (Patient 10) complained 
for pulsatile palpable mass in right inguinal 
region after procedure. Ultrasonography 
(US) showed a pseudoaneurysm at right 
common femoral artery, and the lesion was 
successfully treated by US-guided throm-
bin injection.

Three patients with drop in blood pres-
sure showed stabilization of their blood 
pressure after TAE. In all patients, the medi-
an amount of the transfusion was 4 units of 
packed red blood cells (range, 2–8 packs). 
The 30-day mortality rate of these patients 
was 0%.

Discussion
In this study, angiography showed a high 

detection rate of the bleeding focus in pa-
tients with mesenteric bleeding following 
trauma. TAE was successfully used in all 10 
patients to control mesenteric bleeding fol-
lowing trauma.

Mesentery and bowel injury develops in 
an estimated 1%–5% of cases after blunt 
abdominal trauma and in up to 17% of 
cases following penetrating injury (12, 13). 
Mesenteric injuries may cause significant 
blood loss or lead to bowel ischemia and 
necrosis with eventual delayed rupture or 
ischemic strictures (14). Traumatic mesen-
teric injuries are traditionally treated sur-
gically (6, 8). However, if the mesenteric 
injuries are isolated and not associated with 
gastrointestinal perforation, angiography 
and TAE may be considered (6, 8).

Nonsurgical management of abdominal 
trauma has gained increasing acceptance 
in mild trauma patients, and this approach 
has been expanded for use in severe pa-
tients previously considered as candidates 
for surgery (15). Angiography and TAE may 
have an important role in the diagnosis and 
treatment of mesenteric bleeding. Angiog-
raphy can detect and localize the bleeding 
focus, and TAE can effectively stop acute 
bleeding (16). Skilled interventional radiol-
ogists and improved interventional devices 
including embolic materials have increased 
the utility of TAE in various conditions (17).

Among 12 patients with suspected mes-
enteric bleeding on CT images following 
trauma, there were positive signs of bleed-
ing in 11 patients. The rate of positive an-
giographic findings was 92% (11/12) in our 
study. In 10 patients who underwent TAE, the 
angiographic findings were very similar with 
pre-procedural CT findings except one pa-
tient (Patient 5) who underwent unenhanced 
CT because of decreased renal function. 
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Figure 1. Clinical course of 12 patients who underwent angiography with or without transcatheter 
arterial embolization (TAE) for mesenteric bleeding following trauma.

Patients who underwent angiography for mesenteric bleeding, n=12

TAE for bleeding, n=10

Repeat TAE

Angiography without TAE, n=2

Clinical success 
n=9 (90%)

Rebleeding 
n=1 (10%) Operation, n=1 Negative 

angiography, n=1
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Nowadays multidetector CT is recognized as 
a primary tool in the diagnosis of traumatic 
injuries to the bowel and mesentery in sta-
ble and semi-stable patients (10). Previous 
reports indicate that multidetector CT has a 
high negative predictive value, but there is 
variability in the sensitivity and accuracy of 
CT for the diagnosis of bowel and mesenteric 
injuries requiring surgery (13, 14, 18).

A few cases of successful treatment of 
traumatic mesenteric bleeding by TAE have 
been reported (1, 2, 6–8). In our study, tech-
nical success was achieved in all 10 patients 
and clinical success was achieved in 90% 
(9/10). Furthermore, in one case of rebleed 
(Patient 5), the rebleeding focus was suc-
cessfully treated by repeat TAE and differed 
from the bleeding focus at the first TAE.

One more advantage of the TAE for mes-
enteric bleeding is that bleeding of other 
intra-abdominal organs, such as the liver, 
spleen or kidney, or bleeding from major 
pelvic fractures can be simultaneously con-
trolled by TAE. In our study, renal artery em-
bolization was performed to control renal 
bleeding in one patient (Patient 6). TAE for 
traumatic hepatic, splenic, and renal injury 
and pelvic fracture was reported to be a 
safe and effective treatment (15, 19, 20).

The choice of the embolic materials is 
based on vascular anatomy, angiographic 
findings, achievable catheter position, and 
preference of the operator. Embolization 
of the feeding artery was achieved using 
different combinations of embolic materi-
als. In our study, NBCA and microcoils were 

commonly used embolic materials, and gel-
atin sponge particle was additionally used 
in three patients. Gelatin sponge particles 
cause temporary occlusion of the emboli-
zed arteries, with most vessels recanalizing 
in several weeks (21). In our study, gelatin 
sponge particles and NBCA were used to 
embolize more distal parts of the bleeding 
arteries, whereas microcoils were primarily 
used to embolize more proximal parts of 
the bleeding arteries.

The use of NBCA has recently gained 
acceptance (22). NBCA is widely used for 
controlling active bleeding, including mes-
enteric arterial bleeding (23). It is highly 
penetrable due to its liquid nature, and 
should be mixed with lipiodol for radiopac-
ity and control of viscosity. Deeper penetra-
tion of NBCA to distal vessel can be achieved 
at more diluted concentrations (22). It rap-
idly polymerizes with blood; therefore, it 
is advantageous for massive bleeding that 
urgently requires hemostasis, especially in 
patients with coagulopathy (24). NBCA can 
be used alone or in combination with other 
embolic materials for successful bleeding 
control.

Various major and minor complications 
of TAE for mesenteric arteries have been re-
ported in previous studies (17, 22, 25, 26). In 
our study, pseudoaneurysm developed at 
the vascular access site in one patient (Pa-
tient 10). The lesion was successfully treated 
by US-guided thrombin injection. US-guid-
ed thrombin injection is a safe treatment 
method for iatrogenic femoral pseudoan-
eurysm with good results (27). TAE for the 
mesenteric artery can increase the risk of 
bowel ischemia by reducing blood flow 
to the bowel segment (25), and nontarget 
embolization can also occur (26). However, 
advanced super selective catheterization 
technique has helped to decrease this risk 
during the past decade (25). In our study, 
there were no TAE-related ischemic compli-
cations and there was no patient mortality.

Our study has several limitations. First, 
this is a nonrandomized, retrospective 
study where all data were collected through 
a review of the medical records. Second, 
the number of patients in our study was 
relatively small. However, traumatic mesen-
teric bleeding is uncommon and the data 
collection time was 15 years. Third, various 
interventional devices and embolic materi-
als were used over a long study period. And 
the number of operators also adds to the 
variability that may potentially influence 
the results.

Figure 2. a–d. A 44-year-old woman (Patient 7) with abdominal pain after an assault one day 
previously. An enhanced, axial CT scan image (a) shows a pseudoaneurysm (arrow) with contrast 
extravasation (arrowhead) at a branch of the gastroduodenal artery with hemoperitoneum. Common 
hepatic arteriogram (b) shows a pseudoaneurysm (arrow) with contrast extravasation (arrowhead) 
from the branch of the gastroduodenal artery. Distal pancreaticoduodenal arteries were embolized 
using two microcoils (arrows), and the pseudoaneurysm was then embolized with NBCA (arrowheads) 
(c). Completion common hepatic arteriogram (d) shows no further bleeding. The superior mesenteric 
arteriogram also shows no bleeding focus (not shown).

c

a

d

b



In conclusion, patients with mesenteric 
bleeding following trauma require prompt 
clinical and imaging evaluation and, if clin-
ically necessary, should be considered for 
endovascular intervention. Angiography can 
determine and localize the bleeding focus, 
and embolization can be performed sub-
sequently. Our clinical experience suggests 
that TAE is a safe and effective minimally 
invasive alternative to surgery for control of 
mesenteric bleeding following trauma. 
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Figure 3. a–d. A 50-year-old man (Patient 1) who had a motor vehicle collision two days previously. 
An enhanced, axial CT scan image (a) shows a pseudoaneurysm (arrow) with contrast extravasation 
(arrowhead) at a branch of the jejunal artery with hemoperitoneum. Superior mesenteric arteriogram 
(b) shows a pseudoaneurysm (arrow) at a branch of the jejunal artery of the superior mesenteric 
artery. After superselection of the bleeding arterial branch, the bleeding focus was embolized using 
seven microcoils (arrows) (c). The extravasated contrast agent is also noted (c). Completion selective 
superior mesenteric arteriogram (d) shows no further bleeding.
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b
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